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Fuze, Electronic Time Fuze, Artillery Fuze

This report documents the continuation of activities and accomplishments in the further
development of the XM587E2 and XM724 Electronic Time (ET) Fuzes. The work was
performed by Honeywell Inc,, Defense Systems Division for Harry Diamond Labora-
tories (HDL) under contract DAAG39~77-C=0056. The hardware built under this effort
provided quantities of fuzes for use in Development Test/Operational Test (DT/OT) Il
Testing, spare piece parts, dummy fuzes, training models of the fuzes and display
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items, This effort also included an investigation into the feasibility of simplifying the
hybrid circuits used in the fuze electronics. In addition, this effort included the
development of an electronics assembly with all components mounted on a single
-prianted circuit card.
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FOREWORD

\

This report documents the continuation of activities and accomplish-
ments in the further development of the XM587E2 and XM724 Electronic
Time (ET) Fuzes, ork was performed by Honeywell Inc., Defense
Systems Division for Hargpy Diamond Laboratories (HDL) under con«
tract DAAG39-77-C+0056.>The hardware built under this effort pro-
vided quantities of fuzes for use in Development Test/COperational Test
(DT/OT) 1i Testing, spare piece parts, dummy fuzes, training models
of the fuzes and display items. This effort also included an investiga-
tion into the feasibility of simplifying the hybrid circuits used in the
fuze electronics. In addition, this effort included the development of
an clectronics assembly with all components mounted on a single
printed circuit card.
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1. INTRODUCTION

The XM587E2 and XM724 Fuzes are digital electronic time fuzes for
use in ammunition for the 4,2=in. mortar, 165-mm howitzer, 155-mm
howitzer, 175-mm gun, and the 8-in, howitzer. The overall length of
the fuzes is 5.27 inches nominal, and the weight i 1,70 & 0. 4 pounds.
The external configuration of the XM387E2 Fuze is shown iz Figure 1
and the external configuration of the XM724 Fuze is shown in Figure 2.

The functional characteristics of the two fuzes differ slightly in that the
XM587E2 Fuze provides electronic time function with potat detonation
backup and point detonation only, whereas, the XM724 Fuze provides
electronic time function with a limited point detonation capability. Due
to the differences in functional characteristics, there is a slight dif-
ference ia the internal physical configurations of the fuzes.

In the XM587E2 Fuze, there is a point detonation backup firing pin on
the bias apring, In the XM724 Fuze, the firing pin has been removed
from the bias spring.

The only external difference between the XM587E2 and XM724 Fuzes
is in the booster area =- the XMS87E2 Fuze has a booster; the XM724
Fuze does not,

The following hardware items were to be bullt during this program,

315 (approximately) - Design Evaluation Group (DEG) lot
of XM 587E2 Fuzes,

666 (approximately) =Lot 1 XM587E2 Fuzes
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Figure 1, External configuration of the XM3S87E2

ET Fuze.
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Figure 2, External configuration of the XM724
LT Fuze,

11




93¢ - Lot 2 XMS87E2 Fuzes
1266 - Lot 2 XM1724 Fuzes

24 - Lot 3 XM587E2 Fuzes
35 = Inert loaded XM587E2 Fuzes
1 = Diagplay board of XM734 Fuze

10 « XM724 Fuzes sectioned to show the internal structure
of the fuze

70 - XM1724 training models of the XM724 Fuze
500 « Sets of fuze plece parts

300 - XM587EZ modified fuxes with electronics on a single
printed circuit card.

Thia development effort included an inveatigation into the feasibility of
almplifying the two hybrid circuits by the use of silicon monolithic cir-
cuit technology. This effort included the following subtasks:

¢ Complete design of a hybrid oscillator using a
single sillcon monolithic circuit chip for all active
elements

® Building and testing of 25 models each of the interface
circuit and the oscillator

@  Buililiug and testing of 200 models of the oscillator ,
This effort also included two types of technical documentation: the
publication of process description mznuals and the technical data
packages of the fuze hybrid integrated circuits and the modified XM587E2
Fuze, )
The process description manuals included the following:

e Update of Volume 1: "Electronics and Nose Cone Assembly
Final Fuge Assembly" (Revision B)

Volume 1I: "Rear Fitting" {original)

Volume IIf A: "XM587E2 Oscillator Kybrid Microcircuit"
(original)
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,, ¢ Volume Ill B: "XM587E2 Interface Hybrid Microe
? ctrcult’ (original)

The technical data package included the following:
e One set of drawings for Osclilator (P/N 11711625)
e One set of drawings for Interface Hybrid (P/N 11711610)

e One set of drawings for modified XM587E2 Fuze with
single printed circuit board electronics

For completeness of this report on the DT/OT=II Phase, some sections
of this report utilize information and data furnished by HDL.. HDL also
supplied some items of Government Furnished Materials (GFM) in
support of the bulld effort,
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3. SUMMARY

The following DT /OT«=11 models were delivered during this program;

@

@

45 Safing and rming (S& A} re-on~arming test models
310 XMS87TEZ (DEG) Fuzes

760 XM587E2 {lot 1) Fuzes

3% Inert XMG87EZ Fuves for safety tests

885 XMS87E2 (lot 2) Fuzes

1227 ¥M%24 (lot 2) Fuzes

24 XMBHBVEZ (lot &) Fuzes

285 modified XM 687TE2 Furea with all electronicg on a
single printed circult card,

The {oilowing training alds were delivered during this program:

&

Ten cut-away models of the XM724 Fuze
One display board of the XM724 Fuze,.

The following documentation wae delivered during this program:

Thirty-on2 engineering change proposals

One set of level 3 drawings on the precision hybrid
oscillator

Orne get of level 3 drawings on the interface hybrid
integrated circuit

One set of ievel 1 drawlngs in the modified XM587
Fuze with all electronics on a single printed clrcuit caxd

Updated issue of "Electronics and Nose Cone Assembly

and Fingl Fuge Assembly” manufacturing process
manual (Volume 1)
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® New issue of "'Rear Fitting'' manufacturing process
manuai (Volume 2)

e Nevw issue of "XM587E2 Oscillator Hybrid Micro-
circuit" process manual (Volume III A)

e New issue of "XM587E2 Interface Hybrid Micro-
circuit" process manual (Volume III B),

In addition to the final report, the following reports were submitted to
HDL during this program:

e Monthly progresg reporte

¢ Lot summary {nspection recoxrds

¢ Test and demonstration reports

@ Final report on the "Development of Two Monolithic

Integrated Circuits and a 10 He Tab Hybrid Micro-
circuit Oscillator" « (HDL-CR~77-0056-1)

; & Lot summary inspection reports
{ - ¢ First article inspection reports

e Failure analysis reports,

Since field testing of the DT /OT/II fuzes was not within the scope of
this program effort, only the contractor-conducted environmentai
testing is reported here, The following tabulation suramarizes the
first article approval testing snd the Lot Acceptance Testing (LAT)
performed during the bulld effort,

The S& A Mechanism {P/N 11720300} passed the approval
teats without any problem. 'The 1ot 1 and lot 2 units passed
the LAT without problem,

The Precision Oscillator §P$N 11711427? passed the first
cle approval te any m. The lot 1 and

lot 2 units passed the LAT without problems,

The Interface Hybrid Microcircuit gP‘N 10990455{2 passed
the first article approval test except for test subgroup B6
(solderablility). The lot 2 units passed the LAT except
for test subgroup C1 (57 millimeter gunfire),
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P/N 117202981) passed the first article ;
approval tests except for the poaitional tolerance of the .
power supply pins, Lot 1 rear fittings passed the LAT 1
except for teat M117 (waterproofness). Lot 2 rear fittings ]

passed the LAT without a\.y probiem.

| ONe ASgemb B I\ ! L 3D -
0 ot 1 failed the LAT subroups A, (475 G !
mechanical pulse), A3 (=45°C) and B2 (30,000 G shock), ]
The lot 2 units failed the LAT subgroups Al, A3 (+88°C) :
and B2 (30,000 G shock and 475C mechanical pulse).

mfggg'zmlmvzﬁ Fuze « The DEG lot and lot 1 units passed 3
all environmental tests per contract MOD P20003 except ;
potting porosity. The lot 2 units passed all environmental ’
tests per specification MIL<F«48700 and MIL-F-48703.
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é 3. DESIGN BASLELINE AND DLSIGN CHANGES

DT/OT 1l FUZES = FOUR INTEGRATED CIRCUIT,
TWO PRINTED CIRCUIT BOARD VERSION

The XM587E2 Fuze design baseline for this program was HDL Engineer-
ing Release Record (ERR) No. 587D1000, A copy of this ERR is in-
cluded in thia report as Appendix A, For the XM724 Fuze, the design
baseline was HDL ERR No, 724D1000 and a copy of this ERR i8 ine
cluded in this report as Appendix B, The XM744 Training Fuze design
baseline was HDL ERR No. 744D100C, This ERR is included in thia
report as Appendix C,

e

Figure 3 shows a cut-away view of the XM587E2 ET Fuze, Figure 4
shows a cut=away view of the XM724 ET Fuze. The XM587 Fuze and
the XM724 Fuze have essentially the same construction as shown in
Figures 3 and 4. There are two differences between the fuzes;

1) the XM587 has a booster and booster cup while the XM724 does not
and, 2) the bias spring used in the XM587 has a firing pin or tang
while the blas spring used ir the XM724 does not,

R = T T

Major Design Changes

There were no major design changes in either the XM$587 or the XM724
DT/OT 1l Fuzes bullt during this program.

Process Improvement Changes/
Documentation Chaniel

During the bulld of the DT/OT fuze models, changes were limited to
process improvement and correction type changes only. The follow- ;
ing tabulation lists the changes incorporated in DT /OT-II fuzes after ‘
the original baseline documentation release, :

Part No, Name Description of Change ECP o, |

10090455 Interface Hybrid Change marking se- 724~-MHR-005
quence on package

11711256 Scaler Correct typographical 734-DAE-017 i
error 5
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Part No, Name Description of Change ECP No,

11711268 XM724 Fuze Correct booster cup 724-MHR~001
thread interface

11711401 Schematic Correct title 724-DAE-016
Tighten resistor 724-DAE-(032
tolerances

11711402 Interconnect Change title 724-DAE-016

Diagram

11711406 Diode Correct diode body 724-MHR~022
size

11711408 Nose Cone Add equipment applica- T74-DAE-008
tion note

Add alternate material 724-MHR~021
Correct radius at|0, 188 724-MHR-032

11711409 Electronics Improve potting flow 724-MHR~018
Cover fitment dimensions

11711410 Orientation Cup  Improve fitment 124-MHR-018 '
| dimensions 1
) = 11711411 Printed Wiring Change material calle 724-DAE-021 ‘
' Board No. 2 out and correct artwork i
Correct ladder location 724-DAE=-030 ]
on artwork 1

11711412 Printed Wiring Change material calle 724-DAE=-021
Board No, 1 out and correct artwork

11711413 Printed Wiring Change orientation of 724-MHR-014
Boar{i Assembly Q2 and Q3 y
No.

11711414 Printed Wiring Add equipment applica- 724-DAE-~008
Board Assembly tion note
No. 2

11711418 Coll Contact Remove requiremont 724-MHR~025

for reflow of tin plate
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Clarify heat stake and 724-MHR-018
contact trim notes

! Part Mo, Name Description of Change ECP No, 1

E 11711424 Transistor Change lead configura= 1724-MHR-014 i

; tion from TO-18 to 1

i TO-92 ;

i

| 11711427 Preciaion Change lead length and 724-MHR-0086

? Oscillator marking sequence

: Revise and correct 724-DAE~024

| notes i

|

i Revise and redraw 587«DAE-007 .-
E

! Correct resistor values 724-DAE-037 3

% 11711428 Electronics Change printed wiring 724-DAE-016 s

Q Assembly board callout i

|

|

;

11711430 Electronics and Add equipment applica- 724-DAE-008
Nose Cone tion note
Assembly

Change printed wiring 724-DAE-016
board assembly cailout

Redraw and correct 124-DAE-028

ne e et i sl e

errors ,
Add inspection criteria 734-MHR-020 1
for transformer to i
classification of defects 1
Redefine post pot trim 734-MHR-028 i
requirements
11711433 XM587 Fuge Add equipment applica- 724-DAE-008 !
(less booster) tion note {
Correct 1,6 inch thread 724-MHR~001 !
callout ;
Correct raference to  734-DAE-016 ;;

electronics and nose {
cone assembly :
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Part No, Name Description of Change ECP No.
B 11711435 XM587 Fuze Add equipment applica- 724-DAE-008
(loaded) tion note

Change reference to 724-DAE-019
interconnect diagram -
add weight notation

11711448 Transformer Add specification for 724~ MHR-020

|

permability control and

permit draft angle to i

ease potting operation '-
11711451 Contact Wire Revise and redraw 587-DAE-005

Add alternate material 724-MHR-024

11711478 Plyg Add lead-in chamfire  724-DAE-025
to aid assembly :

11711726 Pinion No. 1 Change Datum "B" to 724-MHR~009 !
: "A" to correct error .

11711727 Gear No. 1 Change MIL-A-5541 to 724~-MHR~018 -
i MIL-C-5541 to correct 3
| error ]

11720216 Power Supply Add equipment applica= 724<-DAE-008
tion note

., N\
"

P

Lengthen plastic posts 724«DAE-014

Correct Specification 724-DAE-018
references

- Eliminate unnecessary 127«RDD-050
references

Revise and redraw 127-DAE-052

i .

ARG g s e SL EEN

Simplify manufacture 127-RDD-057
of battery

11711729 Fliring Lead Pre-form firing iead 124~ MHR=-007
assembly to improve
produciblility

¥
¥
. ;f\
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Part No,
11711730

117202086

11720291

11720289

11720300

Name

Insulation,
Firing Lead

Booster Cup

Rear Fitting

Detonator
Contact
Insulator

S&A

MRS

Description of Change ECP No.

Revise dimensions for 724-MHR~007
pre=formed firing lead
to improve producibllity

Revise booster cup 724-MHR-001
thread callout to

correct srror

Update data list to
correct data package

Update parts list tc
correct data package

Update rear fitting
specification control
drawing to be com-~
patible with piece part
drawings

Add note 10 apecial 724-DAE-008
{nspection equipment to

complete tech data

package

Revise booster cup
thread callout to
correct error

Revise insulator, con- 724- MHR-003
tact detonator to accept

the plug detonation to

match proof lot hardware

Add note 7 to page 23 724-DAE~008
to correct omission

Relocate setback pin 724-MITR=023
operation test in

accordance with

assembly sequence to

clarify specification

721-DAE-001

724-DAE=-007

724-MHR~12

724« MHR~001
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3 Part No, Name Description of Change ECP No,

1172030 Increase max OD of 724-MHR~0268
(continued) S& A module to provide
assembly tolerance

Increase allowable time 724-MHR~027
between removil from
. temperature chamber
| and testing to provide
| adequate time to place
i unit {n test fixture i

| ‘ Increase atl function 724-MHR~033
; ‘ gsetback pin operational

! : limit from 1100 to

' 1200 G's to be compat-

ible with piece part

!l : requirements

: , 11720301 S& A Sub- Revise roll pin height 724-MHR-011
: aggsembly requirements to

“ g simplify assembly

! and inspection

5 ,

; |

I 11720305 Rotor Assembly Change MIL~STD= 724-DAE-18 <«
; 10944 to MIL-G-~

10944 to correct error

e ‘ 11720308 Escape Wheel Change MIL-STD=-10944 724-DAE-18

; 1 and Pinion to MiL-G-10944 to

% | correct error

! 11720830 Rotor Gear Clarify rotor gear tooth 724-MHR-008

. ‘ profile to correct error

Change MIL-STD-10944 724-DAE-18
to MIL-G-10944 to

correct error 1

11720630 Detonator Block  Add plug detonator to 724-MHR-003 ;
Agsembly the detonator biock

assembly to match |

proof lot hardware .

1
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Part No. Name
11722622 Sleeve

11722636 Firing Lead
and Battery
Assembly

11726803 Thermoset
Adhesive

Description of Change ECP No,
Add note 6=8pecial: 724-DAE=-008
inspection eguipment
to complete the data
package
Revise booster cup 724-MHR-001

thread call out to
correct error

Add optional construc- 724=-MHR~017
tion to end of glot for

firing lead to simplify

manufacture

Redraw to update to

proper engfaeering
format

724-DAE~025

Revisge tolerances to 124-MHR~30

simplify manufactur-
lm .

Update dimensions to 724-DAE=-013
agree with use of
formed lead to simplify

assembly

Revise format to agree 724-DAE-027
with proper engineering
format

Increase firing lead - 724-MHR~-031

power supply post
tolerance to provide
assembly tolerance

Revise dimensions for 724« MHR=-007
preformed firing lead
to improve producibility

Update firing lead
assembly to improve
producibility

724-MHR-019

25
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Part No. Name Description of Change ECP No,
11726804 Firing Lead Revise dimensions for 724-MHR~007
Asgembly preformed firing lead

to improve producibility

Update Firing Lead 724« MHR~019
Assernbly to improve
producibility

"As Bullt" Configuration

As a result of the above {isted changeg, the "as built" configuration of
the XM587E2 Fuze, the XM724 Fuze and the XM744 Training Fuze
changed from the originally released baseline documentation, The “as
bulit” configuration of the XM587 and XM724 Fuzes built in the DEG
lot and lot 1 is shown in tabulas form in Appendix D and the "as built"
configuration of the XMS587E2 and XM724 uzes built in lot 2 is shown
in tabuilar form in Appendix E,

The "as bullt" configuration of the XM744 Training Fuzes built during
this program is {dentical to basellne design listed in Appendix C except
the training fuze Nosecones (P/N 11711400) were revision (K) and train-
ing fuze precision Oscillators (P/N 11711427) were revision (L),

The "as bullt" configuration of the XM587 (lot 8) Fuzes is identical to
the configuration of the lot 2 Fuzes as defined in Appendix E with the
following exceptions:

e Tantalum Capacitors Cl and C4 (reference 11711401)
were conformally coated (0, 605 te 0, 007 inch thickness)
with uralane 5750 (Furane Company).

The C'Bore in the Nose Cone (reference 117114(8) was
openad up from 0,687 + G, 005 inch to 0,706 4+ 0, 005 inch,

A keyway slot 0,082 + C, 002 inch wide was cut in the
sleeve (reference 11722622) on the basic radial position
of the G, 051 + 0,002 inch hole, The depth of this slot
was 0, 400 ~ ¢, 010 tnch from the end of datum "A",

The Electronics and Nose Cone Assembly (reference
11711430) was koyed to the rear fitting asecembly
(during final agsembly) with a stainiess steel key,
This key was 0,030 + 0,001 inch thick, 0, 330 + 0, 005
inch long and 0. 170 + 0. 005 inch wide, and was made
out of type 202 stainleas steel,
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DEVELOPMENT OF MODIFIED OR SINGLE
PRINTED CIRCUIT BOARD XM587 FUZE

The modified XM587 Fuze, or single printed circuit board version of the
XM587 Fuze, was developed around the cost-reduced oscillator, inter-
face and counter. These three cost-reduced integrated circuits were
intended to replace the four integrated circuits of the DT/GT II version.

Figure 5 shows a cut-away view of the modified XM587 Fuze with all
electronica mounted on a single printed circuit board .

The differences between the modified XM587 Fuge, single printed cir-
cuit board version, and the DT/OT 1l XM587 Fuze are all in the
printed wiring board assembly of the electronics and nose cone assem=-
bly. A single printed circuit board assembiy of the modified fuge
(Reference Figure 5), replaces the two printed circuit boards of the
DT/OT L version (Reference Figure 3), All othar elements of the
electronics and nose cone assembly remain the same as the DT/OT

11 version,

The Oscillator (P/N 11726813) used in the modified fuze is the coste
reduced tab hybrid micerocircuit oscillator developed by Honeywell
during this program (See Section 6 of this report).

The Interface Circuit (P/N 11726008) used in the modified fuze (8 the
cost reduced hybrid unit developed by RCA Incorporeted and was pro-
vided as GFM to this program,

The Counter (P/N 11711721) unit used in the modified fuze is the unit
developed by NITRON Incorporated and was provided as GFM to this
program.

The printed wiring board assembly for the modified fuze ig gshown in
Figure 6. This assembly incorporates the following features:

e The outside dimensions of the printed wiring board are
the same as those of Printed Wiring Board Nu, 2
(P/N 11711411) used on the DT/OT Il Fuze except that
it does not have the ladder conaections,

¢ The printed wiring board mates with the Electronic
Cover (P/N 11711408) and the Setting Ring and Plug
Assembly (P/M 1171145) as per the DT /OT Il design,

¢ Componentg have been located in 2 manner to facilitate
autometic insertion,
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Transtormer T1 was developed to limit the converter
output voltage to less than 50 volts with a fuze batiery
voltage of 1,95 voita at high temperature, In addition,
the transformer was developed to withstand encapsula=
tion stresses and shock stresses up to 30,000 G's at
0. 1 millisecond without the use of soft potting.

The design definition of the modified XM587 Fuzes is included {n

App

endix K. All fuze piece parts other than those

board assembly are identical to lot 2 plece parts. A key and keyway
glot were used to lock the electronics and nose cone assembly to the

rear fitting as in the lot 3 fuzes.
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4. HARDWARE FABRICATION

The hardware fabrication in this contract involved the following major
areas:

¢ Procurement of standard commercial components

e Procurement of piece parts and electronic components
unique to the XM587/XM724 Fuzes

e Subassembllies

e Final fuze assembly.

PROCUREMENT OF STANDARD COMMERCIAL
COMPONENTS

The urement of the standard commasrcial parts for the XM587/
XM744 Fuzes was routine, None of the commercial parts had an exe
ces:‘;:rely long procurement lead time and no problems were encoun=
tar

PROCUREMENT OF PIECE PARTS AND COMPONENTS
UNIQUE TO THE XM587/XM724 FUZES

All of the piece parts and components which are unigque to the'XM587/
XM734 Fuzes can be made using standard manufacturing techniques,
Only two of the mechanical piece parts and one of the electrical com-
ponents weie¢ procurement related problems due to technical difficulties
at the vendors, These parts were the Sleeve (P/N 117226232), the Nose
Cone (P/N 11711408) and the Transformer (P/N 11711448),

Late deliveries of the ncse cone and sleeve jeopardized the lot 2 fure
delivery schedule. Delivery time on the siceve ran up tc 11 months
against an estimated 5 months lead time commitment (by the vendor} -
prior to placement of the purchase order, The delivery time on the
nose cone ran 7 months against & 3 month lead time commitment (by
the vendor) vrior to placement of the purchase order.

The cause for the delivery delays was poor process and quality controls
at the vendors which resulted in excessively high acrap rates.
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Minor delivery delays were experienced during procurement of the
Transformer (P/N 11711448). These delays were caused by core damage
protlems encountered during removal of the transformer from the pote
ting mold. The problems were corrected and the delays experienced

did not impact the fuze delivery schedule,

SUBASSEMBLIES

The major subassemblies of the XM587/XM724 fuzes are the electronics
and nose cone assembly and tha rear fitting assembly (Figure 7).

ELECTRONICS AND NOSE CONE ASSEMBLY -
DT/OT 11, 2 PRINTED CIRCUIT BOARD VERSION

The DT/OT 1l Electroinics and Nose Cone Assembly is shown in Figure

8. The major subassemblies of the electronics and nose cone

assembly are the Printed Wiring Board Assemblies (P/N 11711413 and
P/N 11711414) shown in Figure 9, Thesae arsemblies were individually:
tested at the board lavel before being assembled into the Electronics
Assembly (P/N 11711428) also shown in Figure 9, The rejection rate

for Printed Wiring Board No. 1 was 1.5 percent and the rejection rate for
Printed Wiring Board No. 2 was 3 percent. The rejected board assem-~
blies were re-worked,

No pﬁgblemﬂ were experienced in the assembly of the printed wiring
boards. q

The Electronics Assemblies (P/N 11711428) were terted prior to 1
assembly into the Electronics and Nose Cone Aosembly (P/N 11711430). i
The rejection rate at this assembly point was 1 percent, A minor

problem was experienced when the Electronics Assembiies (P/N '
11711428) were pressed into the Nose Cone (P/N 11711408), The fit- ;
ment between the Nose Cone and the Nose Plug (P/N 11711407) caused !
eicessive squeeze on the "'O" ring (P/N MS8388-015)., This previom
can be corrected on future builds by changing the "O" ring fitmext
counter in the nose cone as described in Section 8 of ¢this report. !

Potting porosity control was the only probiem encountered in the potting
operation on the electronics and nose cone assemblies. Pokting
porosity voids cannot be completely eliminated tn this type of encapsuli~
tion and the requirement was waived on lot 3 unite. Potting porosity
will have to be redefined to a more practical ievel for future production
programs, Less then 1 percent of the units ware rejected for failure

to meet the post-pot functional electrical tests,
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prreny ey

33 i




ARSI L DT et R T e e e T e v PR At R e e XL WPLAPMONE S SALA. -8 8 5 S o, Suian i - SO Pami S 2, LRGN A et AANINPARY i) s £ 11 ° TURE & CSRE Se

i s B e

ELECTRONICS AND NOSE CONE ASSEMBLY
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Figure 7. Exploded view of XM724 Electronic Fuze.
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REAR FITTING ASSEMBLY

Figure 10 shows the assembly sequence for the XM587E2/XM724
Rﬁlu Fitting. The Trear fitting consists of four major subassemblies
which are:

e S&A Module (P/N 11720300)

e Detonator Block Assembly (P/N 11722620)

¢ Firing Lead and Battery Assembly (P/N 11722636)
e Sleeve Subassembly (no part number)

SAFING AND ARMING MODULE SUBASSEMBLY

Approximately 3500 S& A modules were bullt under this contract to
support the fuze delivery requirements., These S& A modules were
built in accordance with the technical data package without any mgjor
deviation. Flgure 11 shows the XM587/XM724 S& A module,

Figure 12 shows the assembly sequence for the S& A module, The
first major subagseinbly is the S& A Module Lower Assembly (P/N
11720813), This subassembly forms the basic frame of the S& A, The
next major subagaembly is the S& A Module Subassembly (P/N
11720301) where the escapement mechaniam and one of the two safing
features (the two splnlocks) are assembled to the S& A module lower
assembly. The S& A module subagsembly is next assembled into the
Can, S& A Module (P/N 11720302).

Functional testing cf the S& A starts at this level with a 100 percent

5, 000 rpm exercige or run-in., Next, each unit is subject toa 1, 700 rpm
arming test and it must arm between 23 and 32 turns of the S& A module.
This test is followed by a 100 percent 1,100 rpm, no arm test which.
checks the safing capablility of the two spinlocks,

The final assembly operation constists of installing the second safing
mechanism, the setback pin. After installation of the setback pin
each unit is subjected to a 5,000 rpm no arm test which checks the
safing capability of the setback pin,

The previously described assembly sequence was followed for the
three lots of S& A modules which were built to satizfy the delivery
requirements of this contract. The assembly operations progressed
smoothly throughout the contract without anv major problem, The
combined assembly losses at the 5,000 rpm exercise test, the 1, 700
rpm all arm test, the 1,100 rpm no arm test, aud the 5,000 rpm no
arm test were in the ordor of 3 percent,
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Figure 11,

XMS587E2/XM724 S&A module.
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Upon completion of the previously described assembly and testing
operations each lot of S& A medules was subjectad to the spacifiad
firat article and/or LAT. The three lots all pasased the specified

tests and were accepted without deviation. The detalled results of
each of theae tests have been previously reported in accordance with
Contract Data Item A002 requirements,

A minor problem was experienced during the fabrication and testing of
the second lot of S& A modules. The probiem invoived the specified

sethack {:ln operation test, M~106 (Reference Drawing 11720300),

Five units from the 125 unit sample failed when the wetback pin did not
retract and lock-out at the specified 1,100 G's, Each unit from that
lot wag then subjected to this test to eliminate all of the defects. Eight
additional defects were found as a result of thia 100 percent screening

operation,

After this screening operation another random sample of 126 units was
gelected and subjected to this teat, All of the 125 unita tested operated

with the specified limit.

The 13 units which failed this test were subjected to fallure analysis
as follows:

&) Three units from the firat five failures were di-
assembled and examined, No apparent reason for
failures was found,

B} The 10 remaining failures were tasted to determine
the G level requirad to retract and lock-out the sets
back pin. The results of this test wera as follows:
@ 7 units functioned at 1,160 G's
¢ 2 units functioned at §, 430 G's
® 1 unit did not function at 1,800 G's,

The units which did not function at 1,160 G'a wer» disassembled and
analyzed to determine the ciuse of fallure with the following results:

¢ 1 unit - no obvious failure mode
¢ 1 unit « damaged petbrok apring
8 1 unit - damaged sotback pla
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C) Twenty=five units were subjected to variable testing
to determine the G level required to retract and lock-
out the setback pin. The results of these tests are
shown in Figure 13, This data showa that the set-
back pin is blased toward the high side of the 800 to
1,000 G recuirement.

D) The design of the setback pin/setback spring was also
reviewsd, The results of this review are plotied in
Flgure 14, This data also showsa that the. setback pin
design {8 blased toward the high side of the requirement.

The above data was reviewed with HDL, Two corrections for this
problem were recommended: A) revise the bias level of the setback
spring and B) revise the upper limit of the requirements,

BECP-724-MHR-033, recommended changing the upper limit of the re-
Quirement from 1,100 G's to 1,200 G's.

DETONATOR BLOCK ASSEMBLY

The first operation of the detonatur block assembly sequence {s the
installation of the Ground Pin Clip (P/N 11720214) and the Washer Fiat
(MS 27183~4) into the Block Detonator (P/N 11722620), This operation
is followed by the installation of the Clip Detonator (P/N 11718234),
Electric Detonator (P/N 11722405), Contact Detonator (P/N 11720297),
Insulation Contact Detonator (P/N 11720209), and the Piug, Detonator,
Block (P/N 11711478), At this poirt the detonator block assembly has
been completed,

The above operations were performed in a screen room (on grounded
benches) by operatoras wearing ground straps to prevent stray electrical
currents from initiating the sensitive electric detonator,

FIRING LEAD AND BATTERY ASSEMEBLY

The assembly process of the Firing Lead and Battery Assambly (P/N

11722628 {8 a straight forward operation consisting of essembling the

Ili‘u-tng2 ;..?ad Assembly {P/N 11726802) to the Power Supply (P/N
1720216).

At this point, a shorting bar is addad to the to% (3 pin side) of the

firing lead and battery assembly between the through (L) and pius
(+) pins of the power supply. The firing lead and battery can then .
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XMSB7E2/XiM724 SETBACK Pik PERFORMANCE

(802) pa——— X3 ————p| (140
ﬁc——— REQUIREMENT —-.-F

10 1

N

v v

- FREGUENCY

800 6%3 913 ©$79 1033 1096 11560
' SETBACK *G'S* TO RETRACT

Figure 13, Setback pin operational test results-
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be assembled to the detonator block assembly to form the power
supply and detonator block assembly with the shorting bar, thus, pro-
viding a dead sghort across the electric detonator, which pre-

vents inadvertent initlation due to stray electrical currents, These
assembly operations ars also performed in a screen rocom (with
grounded benches) by cperators wearing ground straps. The shorting
bar {58 removed after completion of the rear fitting just prior to final
assembly of the fuze.

SLEEVE SUBASSEMBLY

The fourth subagsembly is the sleeve subassembly. The first operation
consists of ingerting the Pin Spring (MS 171433) into the Sleeve (P/N
11722622), Next, the Output Lead Assembly (P/N 11720258) is
assembled and staked into the siceve. At this point, the specified
water proofneas test is8 conducted in accordance with the requirements
of P/N 11720291,

FINAL REAR FITTING ASSEMBLY

The first operation consists of installing the S& A Module (P/N 11730300)
into the Sleeve Subassembly (no part number defined), After the S¢ A

is installed, a 200 percent visual inspection is performed to assure
safe condition of the S& A module and proper orientation (brass gear
plate side up). After this lnepection, the Spriug Bias (P/N 11720288)

is wnstalled followed by the Power Supply and Detonator Block Assembly
(no part number defined). The power supply pins are then located with
respect to the pin spring and the power supply is staked into place,

Upon completion of the previcusly described assembly, inapection and/
or test operations, each lot of rear fittings was subjectad to the speci-
fied first article and/or LAT. Each lot passed ail of the gpecifi

tests with one minor exception, One lot falled the specified water
proofness test. The units which failed were removed from the lot. A
repair procedure consisting of placing additional RTV sealant at the
gleeve - output lead assembly {nterface was instituted with HDL's
concurrence,

Fire-on-arming testa were conducted on the completed rear fit. .ng
assemblies by HDL at their Blosm Point range, Forty-five fire-on-
arming test vehicles (P/N 11720342) which were built and delivered
under this contract in conjunction with the S& A module first article
acceptance tests were subjected to 105 millimeter Howitzer firings.
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The 45 units were divided into three groups of 15 units each, The
three groups were then fired at high, low, and ambient tempereatures. 1
All of the units (100 percent) functioned at a range of from 169 feet to '
180 feet from the mukzle of the weapon as shown in Figure 15, This ]
converts to an arming range of approximately 26,5 to 28,0 turns to X
arm. The specified requirement is from 23 to 32 turns to arm. }

FINAL FUZE ASSEMBLY « DT-OT Il FUZES

i
t*
4

The final assembly of either the XM587 or XM724 Fuze involved the ‘
jolning of the Rear mef (P/N 11720291) to the Electronics and Nose 4
Cone Assembly (P/N 11711439) by crimping a flange on the rear fitting

sleeve to the nose cone. This jolat is sealed with an "O" ring seal !
and three connector washers. The final assembly of the XM587 Fuze .
is completed with a booster and boosterr cup, 3

Figure 16 shows the elements included in the final assembly of the
XM587E2 Fucze,

Figure 7 shows the elements included in the final sose 1bly of the
.‘ XM724 Fuze,

There were no problems encountered in the final assembly of sither 1
the XM587E2 Fuze or the XM724 Fuze. { 1

’; ’ MODIFIED XM587 FUZE-SINGLE PRINTED
CIRCUIT BOARD VERSION

kEloctronics and Nose Cone Assembly = Modified
XM587 Fuze - with Single Printed Circuit Board

! The Printed Wiring Board Assembly (P/N 2811604%5), for the modified
! XMS87 Fuxze, is shown In Figure 17, Figure 18 shows an exploded
' view of the elcctronics and nose cone assembly,

R

No stynificant problems were experienced in the assembly of the printed
wiring board assembly that were unique to the single board desigu.

Tte printed wiring board assemblies were individuaily tested at the

‘bourd level, (28116045), before assembly into Electronics Assembly
{PIN 25116150). The rejection rate at board level testing was 4 péx=
cent,
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Figure 16. . Exploded view of XMS87E2 Electronic Fuze.
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o All Eiectronics ané Nose Conc Assemblies (P/N 38116148) were tested
: % per the specification requirements of ""Electronics and Nose Coune

E Assembly" (11711430), Group A inspection, subgroup 1, with theiexcep-

- ; tion that all tests scheduled at a power supply voltage of 1, 8 volts were ]
; run at 1,95 volts, The rejection rate at acceptance testing of the nose
' cone assembly was less than 1 percent,

All delivered units met the specification requirements of 11711430
except for the input current measurements of tests 1, 5F and 1,5F and
the firing capacitor voltage tests of 1,5B and 1, 6B,

TR TR TR

A sigrificant number of electronics and nose cone asaemblies did not
meet the input current specifications (1.5F and 1, 6F) hecause of low
input current, Specification test 1.S5F requires a minimum input
current of 400 MA at 1,2 volts input. Many nose cone agssemblies
drew lower input current, as low as 347 MA at 1.2 volts input, Speci-
ficallon teet 1, 6F requires a minimum irput curreat of 550 Ma at 1,8
voits input. Many nose coue assemblies drew lower ‘aput current sa
3 - low as 482 MA when tested at 1. 95 voits, These outeof~gpecification
conditions resulted from the greater efliciency of the converter trens~
\ former used in the modified fuze electronics assembly, They were unot
congidered failures.,

e+

L

e YT

8
E? Tests 1.58 and 1, 68 of specification 11711430 requires a minimum

‘ firing capacitor voitage of «21. 9 voits, A significant number of nose
o cone assemblies did not meet the test 1, 5B requirzments with voltagese
h down to «21.07 voits. Three units out of the 300 build quantity did not
L, meet the 1. 6B test requirements with voltages down to =21, 69 volts,

L These out-of-gpecification conditions resulted fron: the lower voltage b
' regulator characteristics of the new Interface Unit (P/N 11726909),

« They were not considered failures. :

B S e a <¥ia o oops ewr e >k Sy

Final Assembly of Modified Fuge

\ . : The final sssembly of the modified XMS587 Fuze is exactly the same as ﬂ
the lot 3 fuzes., Only 1 unit talled electrical tests after final assembly
crimping of the modified fuzes,

!
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5. TEST PROGRAM

The test program conducted on the XM587E2/XM1724 Fuzeeg and sub-
assemblies built on this contract included first article tests, LAT,’
quality demonstration and evaluation tests, lot summary tests and
Electro Static Discharge (ESD) resistance tests. Thetests were
conducted on major components, subassemblies and the final fuzes

. a8 .sted in the following tabulation,
1) First Article Test
ay Oscillator (lot 0001)
b) Interface Hybrid (iot 9001) 1

c) S& A Module

d) Rear Fitting i
4 ' 2) Lot Acceptance Test %
a) Oscillator (lot 0002) { j
b) Hybrid Interface {lot 0002) i
c) S&A Module (iot 1 and 2) 11

d) Rear Fitting (lot 1 and 2)
e} DEG Fuzes (fingl)

f) Lo:¢l Fuzes (final) !
g) Lot 2 Fuzes (final)

S) Quality Demonstration and Evaluation Tests
a) DEG and lot 1 E-Heads
b) Lot 2 E-Heads
¢) Modified XM537 E-Heads

e e —afac.
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4) Lot Summary

a) DEG
b) lottil
c) lot2

5) ESD Resistance Tests

a) ESD vulnerability of M587 Fuze (2 printed circuit
boards)

b) ESD vulnerability of unpotted M587 Fuze (2 printed
circuit boards)

¢) ESD vulnerability of unpotted single board XM587E2
FFuze

d) EST vulnerability of potted single board XM587E2
Fuze

e} Interrogation versus real time function of a M587
Fuze scrambled by ESD,

FIRST ARTICLE TESTS

The first article test reports describe the inspection and functional

test results conducted on the precision oscillator, interface hybrid,
S& A module, and rear fitting.. Each first article test report is con-
cerned with units bullt prior to the start of regular production., The
reports summarize the listed characteristics that were dimensionally
inspected as well as the results of functional testing required per each
ptece part specification. The precision oscillator, S&A module, and rear
fitting assembly passed all first article tests. The interface hybrid.
passed all first article tests except "solderability'. The solderabtlity
test requirement was waived on Lot 0001 units since all solder joints
were 100 percent inspected.

The first article test data is included in this report as Appendix <,

LOT ACCEPTANCE TESTS (LAT)

The LAT reports describe samples of units from each production Lot,
subjected to dimensionai Inspection and environmental and functional

53
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testing required per each piece part gpecification. The reports gum-~
marize test scores on typlical sample of parts and assembiies during
the course of production. A report on each production lot is included
covering the precision oscillator, interface hybrid, S&A module, rear
fitting assembly, and final fuze assembly. All test items pasased the
LAT with the exception of the interface hybrid which failed the 57 mil~
limeter gunfire test and the DEG/lot 1 fuzer which failed the potting
porosaity teat. The 57 millimeter gunlire tagt on the interface bhybrid
is advigory and the potting porosity test was waived on lot 2 fuzes.

The LAT data is attached to this report (Appendix ),

QUALITY DEMONSTRATION AND EVALUATION TESTS

The quality demonstration and evaluation test reports describe
environmental and functional testing performed on the E-Head pér
requirements of Specification No. 11711430, Two separate reporis
were written, one covering the testing performed oun the DEG and 1ot

1 get of E-Heads, and one summarizing the testing done on the lot 2
E-Heads. Each report contains the resvits of the E-Heade being elec-
trically interrogated after preconditivaing under harsh environments.
The DEG and !ot 1 "E" Heads failed due to precision oscillator fail-
ures. The lot 2"E" Heads failed due to defective precigion oscilla-
tors, MNOS counter memory units, and impact switches,

The quality demonstration and evaluation test data on lot 1 and 1ot 2

testing is attached to this report in Appendix F.

Evaluation Tests on Modified XM587 E-licads

During production of the 300 modified XM587 fuzes (single board
version), 44 units were tested at high and low temperature per
Electronics and nose cone assembly, sgpecification No. 11711430
{group A inspection subgroups 2 and 3). One unit did not pass the low
temperature tests due to a poor solder joint., All other units passed ‘
the high and low temperature tests, ]

LOT SUMMARY

The lot summary inspection records are flow-diagram-reports ,
- which describe the fallout of deliverable end items for sach lot pro- 1
duction build. There are three separate reports {(one for each of the ;
three {uze lota delivered) covering the number of E-Heada produced,
proceeding through the production process, inspection und testing
operations culminating to the aumber of deliverabla fuzes.
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The lot summary inspection records are attached to this report in
Appendix F,

ESD Resistance Tests

ESD resistance tests were conducted on both the two printed circuit
board and the single printed circuit board versions of the XM587
electronics to evaluate the vulnerability of the fuze to static electrical
discharges. Tests were conducted on complete fuzes to simulate field
conditions and on electronics assemblies (both encapsulated and unen=
capsulated) to evaluate the vuinerability of the fuze to static damage
during assembiy.

The following specific tests were conducted:

e 10 - XM587E2 Fuzes (from Lot 2 production) were
tested to failure with ESD strikes to the nose contacts
(VX and mouitor tina),

e 4 - XM587 Electronics Assembiies (P/N 11711430),
without potting, were tested to failure with ESD
strikes on the nose contacts (Vx and monitor line) to
evaluate assembly vuinerability.

e 2 - Single Printed Clrcuit Board XM587 Electronics
Assemblies (P/N 281161489), without potting, were
tested to fallure with ESD strikes on the nogse contacts
(\’x and monitor line) to evaluate assembly vulnerability.

e 2 - Single Printed Circuit Board XM587 Electronics
Assemblies (P/N 28116149) were tested to fallure
with ESD strikes to the nose contactsa (Vy and monitor
line) to evaluate field vulnerability of the single board
XM587E2 Fuze.

e 2 - Single Printed Circuit Board XM587 Electronics

Assemblies (PP/N 28116149), without potting, were
tested to failure with ESD strikes on J2+2 (test point

connection in electronics cover) to evaluate assembly
vulnerability.

e 1-XM587 Electronics Assembly (P/N 11711430) was
exposed to ESD on the nose contacts (Vy and monitor
line) until the interrogate time was scrambled and then
functioned in real time to determine how a fuze with a
scrambied interrogats time would timeout,
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All tests were conducted per the test plan included {n this report as
Appendix J. ALL EDS's were controlled by storin& positive or negative
charges on a precialon 160 pico farad capacitor, ith the fuze body
grounded, mercury wetted relav contacts transferred the charge to the
circult contact under test. All test data is given in Honeywell test
report OEXM 28,930 (Appendix J).
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i SUMMARY OF ESD TEST RESULTS

; ’ Part |

: Ten XMS5387E2 Fuzes were tested to failure under simulated field corni

' ditions and with ESD strikes to the nose contacts with the following

results,

I ,

, Nose Contact where

, Fallure Voltage A

{ Fuze S/N Fallure Charge was

- _ Level and Polarity Applied ;

8654 -5000 Vx

; 7154 -4000 \'£"

i 807% - 4000 Vx o

7962 -5500 Vx o

: 1514 -3500 Vx :
817¢% -3500 Vx

7088 -3000 Vx _4

7692 5500 Vx j
7822 «5000 Monitor ‘
7752 «5000 Monitor

NOTE: Each of these ten fuzos exhibited a scrambled interrogation
condition, {.e,, it interrogated a time other than s¢t time, at some
= voitage below the failure point.

Part i1

Four XM587 electronic assemblies, two printed circuit board

units unpotted to simulate sssembly conditions, were tested to tailure 5
with ESD strikes to the noze contacts with the following resulty:
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Nose Contact where
Elecironic Fallure Voltage Fallure Charge was
Asserpbly S/N Level and Polarity Applied
8088 ~3500 Vx ;
9105 -4000 Monitor :
9218 -3000 Vx }
9247 «§500 Monitor .
NOTE: Electronic Assembly (S/N 9218) was the only unit that 1
exhibited a scrambled interrogative condition during this part of the \;
test,
Part I 1
Two single Printed Clrcuit Board XM587 Electronic Assemblies (une :
potted $2/N 268116149 to simulate assembly conditions) were tested to ;
failure with ESD strikes to the nose ocontacts with the following results:
{
; Nose¢ Contact where 1
! Electronic Failure Voltage Failure Charge was {
{ Assembly S/N Level and Polarity Applied ;
10147 - 6000 Vx 3
10230 +1000 Mouitor

NOTE: Both of these units exhibited scrambled interrogation during
this part of the test. [n addition, both unite exhibited a hesituncy to
set at voltages below the faliure point (See test data in Appendix J).

-
o
R W T

R

Part 1V

Two single Printed Circult Boerd encapsulated XM587 Elsstronic :
Assemblies (P/N 28116149), were tested to failure with ESD strikes ]
to the nose contacts W simulate asgembly and field conditions with ;

i

the following results: i

Nose Contact wh -e ;

Electronic Fatlure Voliage Fatlure Charge w. s ‘
Assembly §/N Level und Polarity Applied

10162 ~9000 Vx

10211 -5000 Vx

i

!
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NOTE: Both of these units exhibited scrambled interrogation during
thie part of the test. In addition, both units exhibited a hesitancy to
get at voltages below the failure point (See test data in Appendix J),

Part V

Two single Printed Circuit Board, unencapsulated XM6587 Electronic
Assemblies (P/N 28116149) were tested to failure with ESD strikes to
test point J2-2 in the electronics cover to simulate assembly conditions
with the following results:

Electronic Failure Voltage
Assembly S/N and Polarity
10232 -3500
10334 -5000

NOTE: Both of these units exhibited a hesitancy to set at some voltage
below the failure voltage (See test data in Appendix J).

Part VI

One XM587 Electronics Assembly (P/N 11711430) was exposed to ESD
strikes on the nose contacts until the interrogate time was scrambled
and then functioned in real time to determine actual time out with the
following resuits:;

Scramble
Set Time Voltage and Time Out
Assembly S/N (seconds) Polarity Circult (seconds)
9239 25 +2500 Monitor 25
41 +4000 Vx 41

NOTES: 1)= After time out, which was not affected by scrambled
interrogation, the unit still exhibited scrambled interrogation at both
test conditions. 2) « When the unit was hit with +4000 volte on Vx
during time out, function time was not affected. After this time out,
interrogation was correct and unscrambled.
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ESD TEST CONCLUSIONS

1.

2.

4.

The two-printed circuit board XM587 Fuze is damaged by
ESD strikes in the range of 3000 to 5500 volts,

The two-printed clrcult board XM587 Electronic Assembly
{s damaged by ESD strikes in the same voltage range as ths
finished fuze, This indicatea that the ESD vulnerability
;iurlm assembly {8 essentially the same as in the final

uze,

The single-printed circuit board alectronic assemblies

(3 {ntegrated circuit version) is damaged by ESD strikes

in the range of 8000 to 10,000 voits at the nose contacts

and 3500 to 5000 volts at test connecter J2+2, Based on
limited testing, the single-printed circuit board XM587
Fuze is less susceptible to ESD damage than the two-printed
circuit board (4 integrated circuit version).

Based on a single test, a fuze with scrambled interroga-
tion can timeout correctly,
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6. WEVELOPMENT OF MONOLITHIC CIRCUITS TO REPLACE THE
HYBRID INTERFACE AND HYBRID OSCILLATOR

This developinent effort was a study to determine the feasibility of sim-
plilying the interface hybrid microcircuit and the hybrid oscillator
microcircuit by using silicon monolithic circuit technology.

INTERFACE MONOLITHIC INTEGRATED MICROCIRCUIT

Development of the {aterface monolithic integrated microcircult was dis- »,
continued after evaluation teats were completed on teu {first {teration) in- ,4'
tegrated circuit models. The test results indicated serious problems in
the interface firing circuits and abnormally high parasitic voltages on

all pins of the test units. Elimination of these problems is not posaible
within the state of monolithic capabilities at the present time, For this
reason, the development of a silicon monolithic microcircuit to replace .
the present hybrid interface unit is not considered feasible at this time. §

TAB HYBRID MICROCIRCUIT OSCILLATOR 'y

The development of the monolithic integrated circuit amplifier for the \ i
hybrid oscillator consisted of two phases, The Phase I amplifier design T
met &ll of the clrcuit requirements and functioned properly when incorp~ }
orated in the tab hybrid microcircuit oscillator, (TAB HMO). However,

a simulated failure mode in the hybrid microcircuit oscillator allowed i
& 200 kHz parasitic oscillation. The phase Il monolithic integrated cir-
cuit amplifier design included a modification which eliminated the
positive feedback situation which caused the parasitic oscillation. Par- )
asitic oscillation did not exist when simulating failure modes in the
HMO utilizing the phase Il amplifier design. The 10kHz (TAB HMO)
utilizing tape technology for interconnections between the amplifier and
the thick film conductors was succesasful. 5

Twenty-seven engineering prototypes were fabricated using the phase 1
amplifier and evaluated against the Group A and B tests of HDL Drawing
No. 11726812, Two-hundred and ten first article test (TAB HMO's)
were fabricated using the Phase I monolithic integrated circuit ampli- .
fler desing and 180 TAB HMO's were fabricated using the Phase Il i
monolithic integrated circuit amplifier design. The engineering proto- ]'
types and the 210 piece sample of the TAB HMO's were fabricated f
using two different encapsulating techniques. Half of the TAB HMO's !
were encapsulated using epoxy only and the other half were encapsulated j
with a silicon barrier layer and epoxy. The 180 monolithic amplifier
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designs were encapsulated using a silicone barrier layer and epoxy.
Superior electrical performarce was realized on ‘TAB HMO's which
were encapsulated with the silicone barrier layzr.

Three-hundred and ninety TAB HMC's (210 Phase | units and 180 Phase
Il units) were evaluated agaianst Group A, B & C tests of HDL Drawing
No. 11726813, The test results establish that the TAB HMO design is
capable of meeting the electrical and environmental vequirements of
HDL Drawing No, 11726913, Selected materials aud processes utiiized
in fabr;catlng the TAB HMO will allow the low cost objective to be a-
chieved.

Complete details on the developmental work {ncluded in this feasibllity
study are given in a separste raport, '"The Development of Two Mono-
lithic Integrated Circuits and a 10kHz TAB Hybrid Microcircuit Oscil-
lator'', Report No. HDL~CR<79-056~1.
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7. FAILURE ANALYSIS

Failure analysis was performed on all componente and assemblies
which fxiled acceptance testing and 1k operating tests. In addition,
failure analysis was conducted on aub-assemblies which failed critical
production tests durirg the 1ot 2, lot 3 and modified XM387 Fuze builds.

DT/OT !l FUZE FAILURE ANALYSIS

Failures During the DG Lot and Lot 1 Build

During the final assembly and testing of the DEG Lot and Lot 1 V'E"
Heads, (Electronics and Nose Cone Assemblies P/N 11711430) 3 units
failed the 100 percent acceptance tests and 19 units failed the LAT.

atlure 4

All 3 "E" Heads that failed during 100 percent acceptance testing failed
due t0 defective oscillators. All oscillutor fatlures were due to defect-
ive thermosonic bonds within the unite. The first unit (from "E" Head
S/N 1854) falled because of a lifted ball bond on a lead from oscillator
internal component C1. This faflure was at the substrate. The second
unit (from "E" Head S/N 5038) failed because of two lifted ball bonds at
the substrate on leads to Q2. The third unit (from "E" Head S/N 5150)
failed due to a defective ball bond at the substrate on a lead to C3.

Failure Analysis of DEG Lot and Lot 1 LAT

The 19 "E" Heads which failed the LAT had all passed the 100 percent
acceplance tests at ambient temperature aftar epoxy encapsuiation.
Because these" E" Heads were assembled using electronics assemblies
remaining from a previous contract and new hybiids and tranaformers
were being fabricated using improved process controls, detailed
failure analysis was not conducted on all of thsse unita. The following
tabulation summarizes the failure avalysia findings on these 12 uanits.
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EAILURE ENVIGONMENT

Ambient

High Temperature

Low Temperature

Mechanical Shock

"E" ilE a n
SERIAL NO,

1744

5306

5349
1609

5172

5186
5190
5200

5207
$272

1310
1399
1191
5143

5183

5198

63

CAUSE OF FAILURE

Not confirmed - probably
a cracked transformer
11711448,

Leaky capacitor C Pl Ref-
erence 11711401.

Fatlure would not repeat -
{indeterminate.

Not confirmed - probably
a cracked transformer.

Failure would not repeat -
may have beea a test {ix-
ture contact problem

Indeterminate
Indeterminate

Fallure could not repeat -
Indeterminate

Indeterminate ;
[

Indeterminate - may have
tad defective MNOS counter
A3 (Reference 11711401) e

Shock induced failure of Ci,
Reference 11711401,

Oscillator (P/N 11711427)
defecttve .

Osgcillator (P/N 11711427)
defective.

Oscillator (P/N 11711427)
defective.

Jacillator (P/N 117°1427)
defective and Interfa~e
Hybrid (P/N 10980455) was
defective

Osgcillator {(P/N 11711427)
defective

e =
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5326 Oscillator (P/N 11711427)
defective

$331 Oscillator (P/N 11711427)
defective

5349 Fallure would not repeat.

5356 Oscillator (P/N 11711427)
defective

Fallures During The Lot 2 Build

During the fabrication of lot 2 fuzes, failure analysis was conducted on
components which failed acceptance testing, electronic subassemblies
which failed subassembly tests, "E" Heads which falled acceptance in-
spectioa and "'E" Heads which failed LAT.

Fallure Analysis of Componsnt Failures

2

During the acceptance testing of oscillators and interface hybrid units
to be used in the fabrication of 1ot 2 fuzes, 6 oscillatora and 6 interface
hybrid unita failed acceptance teata. The following tabulation summari-
zes the failure analysis of these units,

1 oscillator failed due to a broken bond wire on the base of Q1 L '

(Reference 11711631),
1 oscillator failurée due to a lifted bond on capacitor C4.
4 oscillator failures could not be repeated.

1 interface unit falled due to a lifted bond wire on the emitter
of Q8 (Reference 11711807),

1 {nterface unit failed due to a lifted bond wire on the base of Q6.
1 foterface unit failed due to a defective zeaner CR2.

1 interface unit failed duc to a defective bond between CR2 and
the substrate.

! interface had a cracked package but did not fail electrically,
1 interface uait failure could not be repeated.

Failure and action reports covering these failures are included in
Appendix G,
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Subassembly Failure A Big
The following information summarizes the results of the failure anal-

yses conducted on 83 printed wirlng board subagsemblies which failed
electrical tests during lot 2 build. The 83 printed wiring boards were
of the Printed Wiring Board No. 1 (11711418) or Printed Wiring Board
No. 2 (11711414) type. These assemblies failed for the following {
_ general reasons: '_1
g Interface Hybrid (P/N 10990455) failures 21 :
Scaler (P/N 11711256) failures 14% i
. Counter {P/N 10980466) failures g» i
Wrong assembly 8 ;
! Solder bridges between printed circuit tracks 11 ]
Defective printed circuit boards (open tracks or copper 3 :
' shorts)
Defective Converter Transformer, (P/N 11711448) 1
wrong polacity
Defective Oscillator (P/N 11711427) 4%
Impact Switch (P/N 11718418) failure 12
Specification conflict (good unit) 2%
Contaminate on board 2
Defective Capacitor (P/N 117114061) 1%

Only thoa= failures noted above with an ''*" were failure analyzad for
more detailed reguits. The results of these detailed fallure analyses
are discussed below,

Jnterface Hybrid Fallures

P ' Nineteen of the 21 interface hybrid failures represent two problemas:

a low reguiated voltage problem and a failure to program the fuze.
Six of the failed interface units failed due to a low regulated voltage.
In all gix cases, the low regulated voltage failure occurred at low
battery input veltage when the unregulated voltage is approximately
28 volts., The interface hybrid units (for lot 2 fuzes) were teste.! at
50 volts. ECP 724-MHR-034 was submitted to correct the teat 1
specification on the interface hybrid unit to eliminate this type of g
failure. The second problem resulted from an inability to pass the
programming information to the fuze, Thirteen interface units falled

ki o matidaied e
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for this reason. Five of the 13 failed because of defective gold therm-
arsonic ball bonds at capacitor C1, Eight of the 13 failed to pass
programming information because of defective hybrid components or
improper assembly as listed below:

Q10 - Poor bond
CR23 - Leaky
CRI1 - Leaky
CR20 - Shorted
i Qit - Bonded pud lifted
) Q10 - Broken lead
CR21 - Lead missing (possibly caused by

potting void).

CR1 - Missging and Q10 broken lead (possibly

g caused by potting void).

: The remaining two defective interface hybrid units failed because of de-
fective wire bonding. One unit had the emitter and base boud wires

interchanged on Q1 and the other unit had a defective bond wire on the
zener diode.

Scaler Fallures

£ | The scalers used in lot 2 fuzes were GFM and failure avalysis of the
3 14 failed scalers was handled by HDL.

s The counters used in lot 2 fuzes were GF'M and failure analysis of the
8 falled countera was handled by HDL.

The four defective oscillators failed because of defective bonds on
bond wires tc varioue internal components.

Impact Switch Failure

Twelve impact switches failed in a low resistant mode. The most pre-
valant cause of this type of failure was the displacement of the internal
cone of the impact switch until it contacted the outer shell, This dis-
placement (found in 7 awitches) was caused by external damage to the
impact switch,
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Five impact switches failed because of contaminates found either inside
grloutslde in the seal area., These 5 failed for the reasons tabulated
elow:

1 - Had solder balls in the seal groove

i - Rosin had leaked into the switch

1 - Had a white powdery contaminate inside the switch
1 - Had several small white particles lnside the gswitch
1 - Had a general contamination in the seal area

~failurea Due To Specification Conflict

Two units which were good units failed because of tight specification
limits, Omne unit had a test 1, 5H (of Specification 11711430) reading of
294, 9 milliseconds avalnst a lower gpecification limit of 295 milligec~
ocnds. This out-of-specification coundition of 0.1 milliseconds is not
detrimental to fuze operation and the lower apecification limit should
be changed.

The second unit failed test 1. 5F (of Specification 11711430) with an input
current of 320. 4 milliamperes against a lower spec limit of 400 milliamperes. ‘
This lower current is not detrimeatal to fuze operation and the lower speci-
fication lirnit should also be changed,

Refect've Capacitor

One tantalum capacitor (C4 of 11711401) wasg found to be defective d\ie
to a separation of the cathode lead from the tantalum slug,

OO R ——" -1
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FAILURE ANALYSIS OF LOT 2 "E" HEAD ACCEPTANCE TEST
FAILURES

T e

During the 100 percent acceptance of 2450 lot 2 electronics and nose :
cone assemblies, 13 units failed the electrical functional tests. These L
13 units have been failure analyzed. The following tabulation summar-
izes the findingsa of that failure analysis.
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Number of Failed Units Cause of Failure

4 Failed because of defective interface
hybrid units, Three ol these hybrids
failed because of defective internal
lead bondsg to CR1, One failed be~-
cauge of a defective lead bond to Cl,

i Falled becauae of a defective hybrid
oscillator, This hybrid failed be~
cause of two defective internal lead
bonds and a broken lead wire,

2 Faliled because of defective converter
transformers, One transformer had
a cracked pot core and the other had
an open secondary winding,

1 Falled because of defective impact ]
awitch, ‘
2 Units would not repeat the faflure

after the nose cone was removed, |
These units were temperature cycled ;
£ and temperature shocked but the

§
1& fullures would not repeat, ' ;
I 1 Unit is considered good (although cat- :

egorized a failure) due to an excess~
ively severe gpecification, This unit
failed test 1,6H of the Drawing No,
11711430 Group A Inspection Require«
ments, The DET function occurred |
after a delay of 284.9 milliseconds i
and the specification minimum is 295 f
milliseconds,

Unit would not repeat the originally
reported failure, The unit would not
fail even after it was temperature {
cycled and temperature ghocked, ‘
This unit was not opened,

Unit which failed even after removui
of the nose cone would not repeat the
fatlure after potting material was re-
moved from the area immediately a=
bove the counter and the interface hy-
brid unit, Temperature cyciing and
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temperature shocking would nut re-
esatabligh the failure.

Failure and action reports covering these failures are included in Ap-
pendix G.

FAILURE ANALYSIS OF LOT 2 "E" HEAD LOT ACCEPTANCE TEST
FAILURES :

During LAT of lot 2 electronics and nose cone assemblies, four units
failed high temperature tests, three units failed low temperature tests,
five units falled mechanical shock tests (Reference 11711430 LAT Sub-
groups A2, A3 and B2), and 15 unite failed the 475 G raechanical pulse
test, The 12 units which failed high temperature, iow temperature,
and mechanical shock tests were failure analyzed., The following tabu-~
lation summarizes the failure analysis of these units, NOTE: The 15
units that falled the 475 G mechanical pulge test were judged to be im-
pact switch fallures and were not failure analyzed,

NUMBER AND ENVIRONMENT
OF FAILURES CAUSE OF FAILURE

3@ Nigh Temperature Falled becauge of defective counters,
Two of these units failed because of
a low voltage breakdown ou pin 16,
The third unit failed because of wrong
state initialization

18 High Temperature Failed originally at high temperature
but the fallure would not repeat,
This unit may have falled originally
due to poor contact with the test

equipment,

28 Low Temperature Falled dre to defective counters,
Both counters drew excessively high
current,

10 Low Temperature Failed due to an open winding oo the

converter transformer and it .lso
had a defective counter, The counter
drew excessively high current,

3@ Mechanical Shock Failed due to defective oscillutory,
The osclilators failed due to broken
internal lead wirea or lead wire
bonds,
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NUMBER AND ENVIRONMENT
OF FAILURES

2 2 ® Mechanical Shock

CAUSE OF FAILURES

Failed due to defective counters,
The defective counters drew excegs~
ively high current,

Failure and action reports covering thege failures are included in Ap~
pendix G,

MODIFIED XM587 - SINGLE BOARD VERSION - FAILURE ANALYSIS
Fajlure Apalygis of "E" Head Subaggembly Test Fallures

The following information sumnmarizes the reaults of fallure analysis
conducted on 12 Printzd Wiring Board Assembliea (P/N 28116045) from
the production build of 300, The assemblies failed for the following
reagons:
Counter (P/N 11711721) failures
Interface (P’/N 11726909) failures
Workmanship (solder ghort)
Impact Switch (P/N 11718418) failures
Oscillator (P/N 11726813)
goumer (P/N 11711721! Fatlu%_s - = All 4 units failed due to defective
rive lines (pin of Counter (P/N 11711721), These drive lines ex~
hibited low resistance conditions, The low resistance readings on
these 4 units were: 250 ohms, 790 ohms, 250 ohms and 14000 ohms,

erface (P/N 11726908) F - = Two interface unita falled be-
cause of defective initlalizing circulte, The initializing circuits (pin 5
of the interface unit) functioned without delay,

) = B

One unit falled due to a defective Q10 circult, (reference interface area
of 11711401), The Q10 transistor would not pass signals,

One unit failed due to a lack of memory polarization pulses from pin 12,
mpact Switch (P/N 11718418) Fallureg - = Two units failed due to de~-
ective impact awitches, e impact gwitches exhibited a low resistance

condition which partially turned on the interface firing circuit and pre-
vented charging of the firing capacitor, This condition, which is simi-
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lar to problems experienced in the lot 2 build, was caused by either
contamination or some physical damage to the gwitch, Because the
failure disappeared when the impact awitch was removed from the sub~-
asgembly, no further failure analysis was conducted,

Ogcillaﬁor (P/N 11726813) Failure Pmlzﬂa = = One printed wiring board
assembly failed due to a siow starting oscillator, e defective oscil-

lator required 10-15 milliseconds to start.

FAILURE ANALYSIS OF ACCEPTANCE TEST FAILURES

Failure Analysis of ""E" Head Acceptance Tegt Fajlures

Two Electronice and Nose Cone Asaemblies (P/N 28116149) failed

during acceptance testing, These units falled due to defective impact
switches,

FAILURE ANALYSIS OF FINAL INSPECTION FAILURE

One fuze failed the final set/interrogate test after the "E" head was
crimped to the rear fitting, This unit failed because of a defective
initlalizing circuit in th Interface Unit (P/N 11726909),

FAILURE ANALYSIS OF EVALUATION TEST FAILURE

One electrounics and nose cone assembly falled during the low tempera~
ture evaluation test due to a defective solder joint on one of the convert-

er diodes, The converter (then operating as a single wave rectifier)
could not provide enough power for low temperature operation,
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8. PRODUCIBILITY IMPROVEMENT RECOMMENDATION

Honeywsell recomniends that two types of changes be considersd for im-
proving the oversll producibility of the XMS87E2/XM724 DT/OT 1
Fuze. The first type of producibility imaprovement recommendation
covers dimensional or assembly changes thut would not require addi-
tional developmental work prior to incorporation of the change, The
second type of producibility improvement change would require prior
developmental work.

CHANGES NOT REQUIRING DEVELOPMENTAL WORK

The following changes are réecommended to simplify plece part fabrica-
tion or assembly of the XMS5ETE2/XM724 Fuzes. These changes do not
aifect the eusential deaign of the piece parts or assemblies nor do thease
recomméendstions add components that have not besn shock qualified to
the environmental levels of the XMJ6TE2 Fuze,

Part or

Assembly No, Description

Recommended Chan:e

11711404

11711408

11711409

Capacitor

Nose Cons

Electronics
Cover

72

Change from Sprague Type 186D
to Kemet T332 or Sprague Type
158D to allow automatic inser-
tion of capacitors. Coordinate
with 11711411/11711413

changes.

+ 0. 000
Change 0. 050 ~ 0. C10 thickness
+0. 490
to 0. 060 ~0. 813 to allow ade-
quate tolerance {or boring and
turning operation.

Create breakpoiats or grooves
in tks potting fill tubss so tubes
can be broksn off after potting
inastead of milling them off.
This would seve time and pre-
vent contamination.




Part or
Assambly No.

Description

11711411 and Printed Circuit
11711412 Boards
11711418 and Printed Wiring
11711414 Board Assemblies
11711416 Setting Rings
11711417 Contact Pad
11711428 Electronics
Asssmbly
73

Recommended Change

Layout board for automatic
insertion of components.

Change soldacing note to allow
flow soldering using Picatinny
Arseral Drawing No. 8287147
as a guide.

Change material callout to
"Half Hard Temper' instead cf
"“Full Hard"., Part cannot be
drawn from "Full Hard" mate-
rial. Add an alternste mate-
rial: "oxygcn free copper
alloy 102" to permit an alter-
nate manufacturing proceass.

+0. 000

Change 0, 025 -0. 005 to 0. 025
+0. 000
t+ G, 005, and 0,082 -0,002 to
+0, 003

0.082 -0, C05, and 0.003 mux R
to 0, 005 max R, to dimension
part for cold heading.

Change contact pad staking
tolsrance from 0.030 minimum
to 0. 010 minimum.

Change ccatact pad and coil
contact trim dimension from
0. 180 - 0. 040 (Zone E1) to

0. 050 maximum, and dimen-
sion from surface of Printed
Circult Board similar to lead
frame trim note in Zone 4.

Change note 5 to read: "Trim
contact pad and coil contact
tang ends to dimension shown
after goldering - 8 places" -
to establiah practical limits
on assembly process.
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Part or

Assembly No,
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Description
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11711430

11718418

116234

11730208

Electronics and
Nose Cone
Assembly

Impact Switch

Cnp: Detonator

Cup Booster

B e e
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Recommended Change

On sheet 37, remove existing
note 5 and incorporate a new
nots that requirea functional
compatibility with fuze setter/
adapter gage (H 11711438 « G1).
Remove Note 11 and reference
to it. Change note 4c to read
“After finkl cure, trim or
break excess material go that
epoxy and plastic tubeés are
flush to 0. 250 inch below sur-
face "Y'. Printed circuit
cards must be covered with
potting'' - to allow breaking
off of exceas material,

Add solderability plating
requirement on leads.

Add maximum stand-off dimen-
oion on the weld flash where
the lead (s welded to the cover
on P/N 11718488. Stand off
dimension shouid be 0. 083 inch
to allow adequate ssating of

the impact switch on washer
(NAS 548-3) in Assembly No.
117114138,

Change 0. 088 - 0,010 to 0. 080
- €. 020 to improve producibility.

Add alternate material: alloy
2034~ T 351 (per ASTM B211)
- to permit use of a more
readily available material,

W
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Part or
Assembll No,

Description

B e et
TR VT

Recommended Change

11720214 Ground Pin Clip Change 0,200 + 0,003 to

11720253 Teat Vehicle

0.200 + 0,005, 0,0201 0,002
to 0,020 + 0,008, and 0.070

+ 0,003 to 0,068 + 0,005

A, 005 ] . Make 0,310 -
. 005 diameter datum [A] .
Add alternate construction
view as shown below, = to
improve producibility of part.

Sheared Slot

0. 200 + 0, 020 4 Places
2 Places

3

Eliminate this assembly which

Asasembly is used only for FAAS vibra-

tion testing. Uae a vibration
fixture instead.

11720298 Block, Detonator Eliminate 0.062 + 0.005 dimen-

11720301 S&A Module

sion and re-dimenaion the
bottom of the 0. 322 + 0.005
counterbore from the opposite
side of the part. The new
dimension to be 0. 173 - 0.010
- to make the part more pro-
ducible atd ald assembly.

Eliminate lower right sand

Subassembly module pin (view AA) t. reduce

the n er of module pins used
from 4 to 3. Four pins are not
needed.

75

' vy
SEEaE gt e shemiies Ly T

S . St AR e ke .

EFCIRE-TT cmcadelibl sl oot ddcaicd

EVOERIN




4, 55 A AT T T AT e

f"”““""5"“"fﬂmf-’*‘ﬂhh{gm%vvmb#ﬁﬁrﬂwm‘"u-.m“ T R T T T T P . 2R L - -
B =¥ A o SELhb- e h i . R e . i

v r

o ———

Part or

Assembly No.

Description

11730303

11722632

Upper Gear
Plate

Sleeove

Recommmended Change

diameter hole. ole is not
used except for FAAS. Hole
can be apecially drilled in test
sampls. Change note 4 to read:
", .. die breakage not to

exceed 0, 020 inch" - to improve
producibility of part.

+0. 010
Change 0.185 -0. 000 diameter

to 0. 188 *0 929 diameter.

Change 1. 66 *3: 00 diameter

to 1. 66 13 02 diameter.

Change 1.87 *3- 09 dtumeter
+0, 00" ,;

to 1.87 10 07 diameter.

Change 0.020 *3: 910 {45 to

+0, 020
0.020 _g’ goo .

Change 0,04 *0: 9 R to 0,060

+0, 00
-0, 04 B

+0. 000
Change 0. 020 -0.010 Rt

0. 020 Max R.
+0, 000

Change 0. 617 *0* 10 to

+0. 000
0.617 10" 01

To improve the producibility of
the sleeve by increasing the
tolerances on non-functional
dimensions.
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CHANGES REQUIRING DEVELOPMENTAL WORK

The following changes are recommaended for inclusion in future develop-
mental efforts on the XMS8TE2/XM724 Fuze. These changes will aig- ) . ‘
nificantly improve the producibility of the fuze and reduce its cost. In ‘ §
addition, the changes on the transformer (P/N 11711448) will improve
the environmental resistance of the fuze.

Part or Recommended Change

Assembly N Description
3

11711408 Nese Cone Reduce depth of 1,862 diameter

+0.010
Counter bore from 0,786 0. 000

to 0.450 fg: gég. Coordinate )

with orieantation cup change. 5 é

11711409 Llectronics Relocate hole for coil contact in
Cover center of 0,196 +0, 005 diameter
counter bore to facilitate automatic
ingertion, Coordinate with P/N«
11711418 changes, '

11711410 . Orientation Ellminate walls of cup so that the
Cup resulting “orientation plate' can be

made by a punch press operation.
Coordinate with nose cone change,
to reduce cost of fuze,

11711418 Coil Contact Relocate 0,63 -o' 03 loag lead an
axis of part (center of coils) to
facilitate automatic insertion,

B e G P S U S =
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11711448 Transformer, Redesign transformer to use
Encapsulated smaller core, to eliminate nylon
gcrew, and to eliminate potting
problems associated with separate
mold = to improve environmentai
resigtance and producibilit)
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8. DOCUMENTATION

The following documentation was provided during this program:

®  Process manuals
® Technical data package on oscillator and interface units
e Technical data package on modified XM887 - single board unit,

PROCESS MANUALS

Volume 1, "Electronics and Nose Cone Assembly and Final Fuze
Assembly'' was updated to describe the manufacturing process for the
electronica and nose cone assembliea and the final assembly of DT/OT X
XMS587E2/XM72¢ Futres. The latest revision (Revision B) includes
gensral information about the electronics section and fuze final
agsembly and descriptions of the manufacturing process and quality
assurance system. This revision also includes information on long

lead time item problems and production problems experienced during

the fabrication of the electronics assemblies and final assembly.

Volume 2, '"Rear Fitting", describes the manufacturing process for the
S&A mechanism and the rear fitting assembly used in the XMS587E2/
XM724 Fuzes. This new manual includes general information about
the rear fitting assembly, the S&A, and a description of the manufac-
turing process. It also includes a critique of problems encountered in
the fabrication of the S&A and rear fitting assemblies,

Volume 3A, "XM587 Oscillator Hybrid Microcircuit'" describes the
manufacturing process for the hybrid oscillator. This new manual
includes general product information, specifications and parts lists, &
manufacturing process description, process specifications, drewings,
and pre-cap visual inspection specifications for the hybrid oscillator.

Volume $B, "XM587 Interface Hybrid Microcircuit" describes the
manufacturing process for the XM587 Interface Unit. This new manual
includes general product information, specifications and parts lists,

a manufacturing process deacription, process specifications, drawings
and pre-cap visusl inspection apecifications for the hybrid unit.
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TECHNICAL DATA PACKAGE FOR XM587/XM%734 PRECISION
OSCILLATOR AND INTERFACE HYBRID UNITS

The drawing package for the Interface (P/N 10990455) and Oscillator
(P/N 1171143%7) Hybrid Microcircuits was upgraded to meet the require-
ments of MIL.-STD-100. The drawing package consists of the thirty-
four drawings listed below.

Drawing No, Description

11711633 Thin Film Resistor Array, RA1
11711634 Thin Film Resistor Array, RA2
11711635 Oscillator Hybrid Subassembly

11711636 Precisjon Oscillator Schematic
11711637 Semiconductor Chip Specification
11711638 Substrate, Ceramic

11711639 Chip, Diode

11711640 Chip, Zener Diode

11711641 Chip, Zener Diode

11711642 Chip, Transistor

11711843 Chip, Transistor

11711644 Chip, Transistor

11711645 Chip, Traneistor

11711646 Capacitor

11711647 Chip, Zener Diode

11711648 Terminal

11711649 Cover

11711650 Header
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‘ - _Drawing No. Degcription
T 11711681 Capacitor
E 4 11711683 Capacitor
E 117116883 Capacitor
11711684  Substrate, Ceramic
g 11711685  Substrate, Silicon
11711614  Network Thick Film Interface Hybrid
4 11711618 Substrate
11711816 Signal Conditicaing Circuits Schematic
11711617 Interface Hybrid Assembly
10980435 Interface Hybrid Encapaulated
11711618 Internal Visual Requirements for Hybrid
Microcircuits for Shock Application
11711620 Networks, Thick Film, Visual Rejuirements for
11711631 Semiconductor Chip Specification, Hybrid Interface
11711427  Precision Osctliator, Hybrid
11711628 Substrate
o 11711624 Network, Thick Film
| Coples of the upgraded drawings for the oscillatar and the interface

hybrid units are included in Appendix H.
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TECHNICAL DATA PACKAGE FOR MODIFIED XM387E2 FUZE
- SINGLE PRINTIED CIRCUIT BOARD UNIT

The drawing package for the modified XM387TE3 Fuze was prepared to
the requiréments of Level 1 of MIL-D-1000. The drawing package
consists of only piece parts and assembly drawings unique to the modi-
fied fuze. The drawing package consists of the following drawings:

Drawlng_ﬁo. Description
28115968 Sleeve, Impact Switch
381159690 Mounting Board, Bobbin Assembily
28115870 Bobbin Assembly
2811598171 Transformer, Encapsulated
38116044 Printed Wiring Board, XMU87 (3 shests)
28116045 Printed Wiring Board Assembly, XM587
28116051 Key
28116052 Inte~connection Disgram, Printed Wiring Board
XM587
28116147 Fuze, ET: XMSSTE2 (Less Booster Pellet
and Cup)
28116148 Fuze, ET: XMUEBTE2 (Single Board Assembly
28116149 Electronics and Nose Cons Assembly/Single
Printed Circuit Roard
28116150 Electronics Assembly with single Printed
Circuit Board

Copies of these drawings are included in this report as Appendix K.
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‘. CONCLUSIONS

Tha fabrication experience, inspection resuits, and tast data taken cur-
ing this grogum support the following conclusions regarding the
XMS387E2/XM724 Fuze and its components.

tem

i The DT/OT U hybrid oscillator is capable of meeting the
oscillator first article and LAT,

2 The DT/OT U hybrid interface unit is capable of meeting
the first article and LAT,

3 The S&A mechanism i8 capable of meeting first article
and LAT,

4 The rear fitting assembly is capable of meeting first
article and LAT.

5 The DT/OT li Electrouics and Nose¢ Cone Assemblies
("E" Heads) did not pass LAT dus to proolems with ths
hybrid oscillator, the MNOS couuter, and the impact
switch. There were excessive "E'" Head fallure becauss
of oscillator fallures during “E'" Head LAT. The bond
wire aystam of the oscillator did not withstand shock
levels of 30, 0C0 shock tests. There were excessive "E"
Heuad failures because of MNOS counter failures during
"£'" Head LAT. The counter did not withstand higl
temperaturads, low temperatures, and 30, 000 G shock
tests. Tuere were excessive "E' Head failures because
of impact switch fullures during "E" Hzad LAT. The
impact switch did not operste reliably at 475 G's.

KOTE: Fleld test reauits indicate that the 30, 000 G
shock test requirement may be too stringent a reguire-
ment {n light of the above lisisd "E" Head failures.

6 There are many producibilitv changes that can be made
without specific developinent effort and which will signi-
ficantly impirove ths producibility of the X MS3TE2/X M724
Fuze.
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Item

1 The TAB HMO will mest the low unit product cost
ohjsctive.
8 The electronics of the XMI8TE2 Fuze, incorporating the

improved oscillator, interface and counter integrated

circuits can bd assembled on a single printed circuit
canl,

9 The single printed circuit board or modified XM5817 is

less vulnerabls to ESD damage than is the DT/OT Il
veraion.,
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APPENDIX A
HDL ENGINEERING RELEASE RECORD
NO. 58701000
DESIGN BASELINE FOR THE XMS87E2 FUZE
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APPENDKX D
"AS BUILT" CONFIGURATION
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AND
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DEG & LOY #1 “E* HEADS

[
f ‘At Butle’ List Of Each Plece Part Used In The Build Of The DEG & Lot N ]
é E-Neads Transferred From Contract DAAGYIS-7S5-C-0187 To DAAG39.77-C-0056 1
:F |
i oy Part Neme Revision Letter :
;‘ 10990466 MWN0S Counter, Memory G+0)
? NN Diode, Zener c
i
\ 1111240 Capacitor, Ceramic A
t NN Diode, Iener ]
é LRRARFE N0S Scaler/Logic and O/M AeQ)
f N8 PW Soard 22 .
11711282 " Board #2 ASH ]
, 11711404410 Capacitor, Tantalum c
E 11711408-2 Capacitor, Tentalum c
; 11711408 Resfstor, Compogsition [
711406 Dlode ¢
; NI Nose Plug Electronics 3 1
: 11711408 Cone, Mos@ F ’
11711409 Cover, Electronics 3 ,,
e ‘ 121410 Cup. Ortentation 0
: i nmmam Printed Wiring Board #2 0 :
’ nmag " oo, ) € !
hi ‘ ‘ N6 Ring, Setting 0
} NNA6-2 Ring, Setting )
| IARARLINAN] Pad, Contact ]
1 f AR IS ] Pad, Contact 1] ;
' nmae Contact Cofl ¢ %
1My Strip, Lead Frome ¢
nmeazo . Sobdin Assembly [ !
ARANI T Wire, Core 1
101
E
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A
o)
1
3
)
4
3
i
4
;
i

L]
1NM422

11711423
11711424
11711425
(ARAAL Y4
11711429
11211431
11711444
(ARARL T
11711446
LARARETY)
11711448
LARARL Y]
11711450-1
11711450-2
11711810
1171148
11718418
NAS-549-3
NS59386-XX

T T LR e T Ay e

DEG & LOT #1 "E* HEADS (Comt.)

Part Name
Sobbin, Core

Core, Cofl

l'ruuist;:r. High Current NPN
Setting Ring b Plug Assembly
Precision Oscillator, Hybrid
Base Mixture, Epoxy Resin
Hardener, Aromatic Amine
Washer, Connector

Potting Compound

Mounting Board, Bobbin Assembly
Post, Mounting Board
Transformer, Encapsulated
Ring, Brazing

Ring, Setting Assembly
Ring, Setting Assembly
Interface Hybrid

Wire, Contact

Impact Switch

Masher, Normet, - Insul., Elect,

'0'Ring
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DEC & LOT #1 REAR FITTINGS

“As Buitt” Tist of plece parts used in the build of the 0CG & Lot N
Rear Fitting Assamblies on Contract DAAGY9-77-C-0086.

Part ¢
M527183-4

1s51923-138

1171824
11720206
11720214
11720216
11720258

1172029¢-1
117202962

1720297
11720298
11720299
1722008
11722622
nmar
11726804

Part Mg
Flat Masher
spring Pin
Destonator Cltp
Booster Grip
Ground Pin Clip
Povar Supply
Output Lead Assy.
Bdas Spring
Stas Spring
Detonator Contact
Detonator Block
Det. Cont. Insulator
£lec. Oetomator
Sleeve
Det. Block Plug
Firing Assy. I.u&
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DEG & LOT #1 SBA's

“As Built* list of Plerce Parts used in the build of the DEG & {
Lot #1 S & A Modules on Contract DAAGIS-77-C-0056

7] Part Nome Revision Letter i
nmras Gear & Pinfon 1) - :
11720302 SAA Module Can A
11720363 Uppar Gear Plate E ;
] 11720304 Module Pin -
11720306 Rotor Body ’
11720308 Escape Wheel & Pinion Assy. ¢ J
| 11720309 Pallet A i
’ : 11720310 Lead Cup Assy c *‘
i 11720317 $/8 Pin Disc A
| 11720318 Gear Plate Spacer .
| 11720320 Pallet Shaft ¢ .
; 1720321 Lower Gear Plate 0 ‘
{ 11720322 Spinlock Shaft -
{ : ‘ 11720323 Lock Pin Disc -
. 11720324 Rotor Lock Pin A
L 11720328 Lock Pin Sprimg A
11720327 Spinlock Spring A
5 11720328 spintock '
11720329 Rotor Shaft £
l 1172033 Rotor Gear '
r7. 11720333 Setback Pin )
1172034 $/8 Pin Spring 0
11720338 Bottom Plate ¢ |

104




DA el it oL AN

e S et R, P

e 5 b2t £

DEG & LOT #1 HYBRIDS

“As Sutlt" list of plece parts and assembly drawings used in the build of 1
DEG & Lot £1 Interface Hydrids and Precision Oscillators on Contract
DAAGY9-77-C-0086.

nrty Draying Descriotion Aavition Letter '*
10990485 - Interface Hybrid Circuit 0 i
1170739 Foam Potting Compound . ;
N7 Precision Oscillator £+01 A
71608 Thickf{la Network c+0) i
11711606 Substrate - '
1711607 Interface Hybrid Schematic A+0) !
1711608 Intarface Hybrid Assembly Ee-2 ?
LARARY L) Encapsulated Intarface Mybrid D+0V }
nmen Microcircuit Visual Requirements A
nmei2 Thickftim Visual Requirements A
nMmes Semiconductor Chip Specification - 1
nness Precision Oscillator 0+01
1NNz Substrate A
nmezr Thickf{im Network . :
1711628 Thinfiim Resistor Array N 01
nM629 Thinfilm Resistor Arrey 02 902 :
N0 Prectsion Oscilistor Assesbly De03
nmen Precision Oscillator Schamtic A03 ?
NMe32 Semiconductor Chip Specification -
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LOT #2 “E™ HEADS AND FINAL FUZE

"As Built® list of assemblies and plece parts used in the build of Lot #2
E-Heeds on comtract DAAGI9-77-C-0056.

N —

Part Amber Parg. Nase Raviaion Letter
E 10990455 Interface Hybrid H
10990466 MNOS Countev, Memory J
_ | N Diode, Zener )
Vi7nz40 Capacitor, Ceramic A
i nmae Dlode, Zener c
, 111256 MOA Scaler/Logic aad O/H 0
: 117268 Fuze, ET, XN724 N
N9 Schematic, XN724 €
g [RRARFRS] Interconnect DIA,, XM724 ¢
nmers ABS Molding Compound .
L P nmare 0-Ring Grease . |
1171140 Schematic XMS87E2 (] !
. n7402 Interconnect Diagrem H
o 11711004-) Capacitor, Tantalum ¢
/ ‘ N7N404-2 Capacitor, Tantalum ¢
‘ 11711405 Resistor, Cosposition 6
! i 11711406 0tode 3
i nmao? Nose Plug Electronics . :
1711408 Cone, Nose K
11711409 Cover, Electronics 6 i
nmao Cup, Orientation F i
nnan Printed Wiring Board 2 F (
nnmae Printed Wiring Soard M F
nman PH Board Assesbly ¢ 6
N PY Board Assumbly #2 !
11711416-1 Ring, Setting 0

O (07
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?!
I
|
:

A 1 BRI g o R

11711416-2

nmaza

| nmae2

l nnus

e 1N

; 120

; NN
N2

_ 11711423

| : 1711424

? | 11711425

3 | NNy
1711428

; | 1711429

. 1711430

nMman

IRARLEE:

11711433

11711438

11711444

N714s

1711446

NN

1711448

N711449

11711450-)

11711450-2

LT TR T AT

LOT #2 "€* HEADS AND FINAL FUZE (com't.)

Ring, Setting

Pad, Contact

Pad, Contact

Contact Cofl

Strip, Lead Frome

Bobhin Assembly

Wire, Core

Bobbin, Core

Core, Cofl

Transistor, High Current NPN
Setting Ring § Plug Assembly
Precision Oscillator, Hybrid
Electronics Assembly

Base Mixture, Epoxy Resin
Elec. B Nose Conf. & Assy.
Hardener, Arometic Amine
Potting Compound

Fuze, £T, XM587 (less booster)
Fuze, ET, XM587 (Loaded)
Washer, Connector

Potting Compound

Mounting Board, Bobbin Assy.
Post, Mounting Board
Transformer, Encapsulated
Ring, Brezing

Ring, Setting Assembly
Ring, Setting Assembly
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LOT #2 “E" HEADS AND FINAL FUZE (com't.)

i st Wire, Contact s
nnss lepact Switch -
11718490 Adhetive, Rubber
11720206 Cup, Booster
11722488 X587 Elect Time Fuze

TATTR WD T RRTETT s 04

TTTETY TR W e T
o O > o

11726868 XN724 Elect Time Fuze

L ' WS-549-3 Masher, Normet. - Insul., Elect.

RS9386- 21X '0' Ring -

e i
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|
E f'":,'
g‘"
E b
1 LOT #2 SBA’y ]
;» eas Bullt® 1ist of plece party 4nd assemblies used in the bulld of the Lot #2 §
3 $ & A Modules on contract DAAG3S-77.C-0056,
! !
;‘ R
. ‘ '.
L part ¢ Part Name Rectsign Lothor
;. 11711726 Pinion No. 1 A i
? N7 Gear No, 1 A ;
] nnize Gear & Pinton #1 . 4
| 11720360 5 8 A Module H g
11720300 $ & A Module Sub Asiy., ) i
E
- 172002 % & A Module Can A K
; 11720303 Upper Gaar Plate £ ;;
» 11720300 Module ¥4n . ?
|
‘ 11720305 Rotor Assembly ¢ !
‘l |
[ 11720306 Rotor Body B i
: 11720308 Escape Wheel & Pinton Assy. ¢ ! 1
¥
? 11720309 Pallet A !
E 11720310 Lead Cup Assy, t i
% 1720311 Lead Cup 8 ‘
i
: N720012 Disc., Lead . i
) » 11720313 S & A Module Lower Assy. ' 1
| 1 11720317 $/8 Pin Disc. A X
11720318 Sear Plate Spacer L] i
11720319 Lower Plate Assy. - ,
11720320 Paliet Shaft ¢
11720321 Lower Gear Plate D
11720322 spinlock Sheft .
11720323 tock Pin Disc. -
11720324 Rotor Lock Pin A
' 1
L)
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11720328
i¥r20326
1220327
11720328
117200329
11720430
11720033
11720334
11720338
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Lack Pin Spring
Sft. Gear
Spinlock apring
Spinlock

Rotor Shafi
Rotor Guar
Setback Pim
$/8 Pia Spring
Bottom Piste
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“As Bullt™ list of piece parts and assemhlios usad in the build of the

LOT #2 REAR FITTINGS

Lot #2 Rear Fitting assemblies.

Part ¢
KS2718)3-4

n551923-1 38
11711478
Tirnzze
1371824
11720206
11720214
11720216
11720258
11720279
11720280
1172020
117202961
11720296-2
V1720297
11720298
11720299
11722405
1122620
1172262¢
11722636
1172280)
11726804

Part Name Revision Letter

Flat dasher

Spring Pin

Dat. Block Plug
Lead, Firing
Datonator Clip
Booster Cup

Ground Pin Clip
Power Supply

Output Lead Assy.
Dtsc., Lead Qutput
Cup, Lead Output
Rear fitting

Blas Spring

Bias Sprimg
Detonator Contact
Detonator Block
Det. Cont. Insulator
Flac. Detonator
Det. Bleck Assembly
Sleeve

Firing Lead and Battery Assembly
Adnesive Thermosat
Firing Atsy. Lead
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LOT #2 HYBRIDS

"As Buflt™ Yist of piece parts and assembly drawings used in the build

of Lot #2 Interface Hybrids and Precision Oscillators on Contract

: DAAGY9-77-C-0056.

10990058 InterFace TaoeTd Checutt favision Letser
11707396 Foam Potting Compound €
11711427 Precision Oscillator L
11711605 Thickf{1lm Network D

. 11711606 Substrate A

y nMso? Interface Hybrid Schematic 8

‘ 11711608 Interface Hybrid Assembly F
N71610 Encapsulated Interface Hybrid £
nmen Microcircuit Visual Requirements Ae Ol

, nnewR Thickfiim Visual Requirements A

(ARANAE] Semiconductor Chip Specification A

N71625 Prectslon Oscillator €
N71626 Substrate A
N7N627 Thickfiim Network 8

N711628 Thinf1ln Resistor Array 1 ¢

n7Me9 Thinfilm Resistor Array €2 ¢

J N7N630 Precision Oscillator ‘Assembly f

f NMEN Precision Oscillator Schematic .

;f N7M1632 Semiconductor Chip Specification A

113




B —

DEYIATIONS

OEV. ¢

D-0058-1

WALVERS
MAIVER ¢

W-0056-1

¥-0056-8

LOT 2 WAIVERS AND DEVIATIONS

TITLE

Substituts of visual
ingpaction for probe
tast.

Rear Fitting inspection
requiremsnt (alturnate
inspection mathod)

Undersized and oversized
SBA cavity depths

TITLE

Gaging center dist.
with master gear

Nose Plug asammbly
wore than 0.012 in.
balow Nose Cone

114
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P/N

11720300
(S3A mocule)

11720291
(Rear Fitting
assom, )

11722622
(sTeeve)

P/R

11720305
{fotor sssem. )

AR RARE K ]
(wlect & Note
Cone assem.}

DATE SUBMITTED

22 varch 1977

17 Korvewber 1977

3 January 1978

DATE SUBMITTED
17 June 1977

1 March 1978
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APPENDKX F
TEST REPORTS
115




FIRST ARTICLE TEST REPORT
DD FOPM 1423 ITEM ADOA

(LOT 0001) INTERFPACE NYBRID (P/N 10990433)
COWTRACT DAACI®-77-C-005%0

N
©
xt
i

t/i.
8 PIRST ARTICLE APFROVAL SANPLE TEST RESULTS:
A
- SANPLE ACcErt rLIECY "o,
| IRIX_DRCACIIION SLIK_ .+ P i . DRESCIS i
Sbgroup Al e ! 2 0
i (Entorsal Visual) i
" » Subgroup Al 158 ) ) 2 ‘
5 (Opevating Parameters)
bgroup A 2% 1 2 0 ]
(Nigh Temperature Performance) ;
' i
¥ : Subgroup M 2% 1 2 o )
(Low Temperature Parf{ormamce) :
ubgroup Bl 2% 1 2 [} ;
(Yempecature Cycling) J 4
Subzroup B 2% 1 2 'J i
{Shock) \
g Sbgroup B) 23 1 2 o ';
! (Comstant Acceleration) i
;o
B Subgroup Db % ! ? o v
K (Wigh Tempersture Storagn) L
: -
B Nbgroup RS R 0 1 Q . .
(Lead Integrity) { |
' s H
 Subgroup B ] 0 1 ’ P
(Solderability) i
e ; 4
X sot Sybgroup Cl P4] H 7 3 :
N (37 Cwm Pire) } _
i
g t IR
‘ b & Unit Mos. 63 and 136 failed Subgroup AZ teating. ;
1y ‘ *#* This portion of FAAS tests iv being valved according to Governmeat Waiver #W-0036-3, '.
122 3 b
E‘g 1 *2®* Not a requirement for scceptance per Parsgraph 6.5 of Specification 10990433, Twe i
N ; of the failures (Units 126 and 000%8) were marginal voltage fallures, peseibly coused 4
E by sxtraneous rasistance induced by the long lrad wires scldered to the pert's pine, ]
y Only Unit 00140 was & complete unit fakiute. 9 %
DCAS Reprasentative ‘ f}‘u‘- ’//}4 ;i“"L//////’f K
A ;
Honeywell Quality Representative 2'.5 &LA.__LM / .Z.Z_ j
). !
4 B ) 1
i
i
o <
AN
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FIRST ARTICLE TEST REPORT
DD FORM 142) ITEM ADOA

#81 should have bean segrsgated cut after the ambient ,ortiom of the operating
characterintics test, while Unit ¢8R was damaged aiter passing the Sudgroup Al test.
The units wers Teplaced with Unit Nas. 137 and 158. Unit #99 fatled Post~Shock
Feriod Imtervogatiom,

: (LO1 00